Motivation is one of the key factors affecting the out-come of rehabilitation. When a patient's motivation for rehabilitation is high, the duration of rehabilitation has been reportedly reduced and improvement rates of ac-Objective To translate the Stroke Rehabilitation Motivation Scale (SRMS), developed to evaluate the motivation level of stroke patients during rehabilitation, into the Korean language and to verify the reliability and validity of the Korean version of SRMS (K-SRMS). Methods The K-SRMS was developed following a structured process that included translation, verification, compromise assessment, reverse translation, feedback, and final correction. K-SRMS reliability was evaluated by performing internal consistency and test-retest analyses. The reliability test was conducted in 50 stroke patients. Its validity was assessed by comparing the K-SRMS with the scale and performing exploratory factor analysis. The validity test was conducted in 102 stroke patients.
INTRODUCTION
www.e-arm.org tivities of daily living and motor function increased [1, 2] . However, anticipating good rehabilitation outcomes is difficult when a patient does not have the motivation and willingness to undergo rehabilitation, which is recommended for a long-term intervention [2] . Therefore, healthcare providers should pay attention in motivating patients for rehabilitation [3] .
Previous studies have measured motivation using simple methods, although motivation is diverse. A previous report used only one 5-point scale item (from very depressed to very cheerful) to measure motivation through observation and communication [4] . Another report conducted the assessment based only on the opinion of healthcare professionals and did not consider patients' viewpoint [5] . Moreover, the motivation assessment has been inconsistent among rehabilitation professionals. Therefore, a motivation assessment tool that can objectify a patient's subjective expression and quantify the degree of motivation should be established.
Currently, a few specifically designed assessment tools for motivation have been available in the area of stroke rehabilitation. The Stroke Rehabilitation Motivation Scale (SRMS) is a validated measurement tool for motivation among post-stroke patients that can quantify motivation with objective measurements in the stroke population during the rehabilitation process [6] . When used in another environment, especially in another language, verified translation with consideration of other language characteristics and cultural differences is needed.
Therefore, this study aimed to translate the original SRMS into Korean language and to verify the test-retest reliability and convergent validity of its Korean version (K-SRMS), which can be used as an objective measurement of patient's motivation level in post-stroke rehabilitation. In addition, the study attempted to compare the K-SRMS with the Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scale, which has not been used in stroke rehabilitation.
MATERIALS AND METHODS

The SRMS questionnaire
The original SRMS includes 28 items applicable to stroke rehabilitation, adapted from the Sports Motivation Scale [6] . The Sports Motivation Scale is a motivation assessment tool used in sports according to a theory involv-ing established motivation (self-determination theory). Thus, it reflects the following two types of motivational factors: (1) internal, such as personal satisfaction, enjoyment, and interest; and (2) external factors related to social expectation [7, 8] . Based on these two types of factors, motivation is further divided into the following 7 subscales in the SRMS questionnaire: (1) extrinsic motivation (EM)-introjected (motivation from external factors leading to internal pressures, such as guilt); (2) EM-regulation (motivation from external pressures or rewards, such as praise from others); (3) EM-identification (motivation from activity participation for personal growth); (4) amotivation (AM; absence of motivation); (5) intrinsic motivation (IM)-knowledge (motivation from knowledge gained with the activity); (6) IM-stimulation (motivation from enjoyment or pleasure of an experience); and (7) IM-accomplishment (motivation from personal satisfaction with activity accomplishment) [6] . Each subscale has corresponding questions. The response to each item is measured on a scale of 1 to 5. Higher score indicates higher rehabilitation motivation level for all items, except three reverse evaluation items (items #5, #12, and #23), for which a higher score indicates lower motivation level.
The BIS/BAS scale
The BIS/BAS scale includes 24 items and uses a 4-point Likert score to measure two motivational systems that regulate behavior depending on the responsiveness to punishment (BIS) and reward (BAS) [9] . The BIS is activated by conditional stimuli to avoid aversive outcomes, whereas the BAS involves positive feedback mechanisms to approach stimuli. The BAS scale is divided into the following three subscales: BAS-reward (motivation to achieve pleasant reinforcement in the environment), BAS-drive (motivation to follow a goal), and BAS-funseeking (spontaneous tendency to find novel rewards). The Korean version of the BIS/BAS scale was used in this study [10] .
Translation procedure
The translation process involved linguistic and idiomatic refinement of the original version for Korean translation. Then, a structured questionnaire translation process was performed according to the steps for linguistic validation. Before initiating translation, approval for SRMS translation to the Korean language was obtained from the www.e-arm.org original author Daniel Chan. The first step involved forward translation, performed by two physiatrists, who were professionally fluent in both English and Korean (versions 1.0a and 1.0b). The second step involved reconciliation of the Korean translation by a translation committee consisting of four members (two physiatrists and two rehabilitation psychologists) who could speak both English and Korean. In this step, the suitability of the Korean translation was verified, and discussions were held for versions 1.0a and 1.0b to produce version 1.1. An equivalence between the original version and the Korean version of the SRMS was compromised in this step. The third step involved back translation (reverse translation). A bilingual translator (English and Korean) blinded to the original version translated version 1.1 back to English. Then, the original and reverse translated versions were compared and reviewed to produce version 1.2. The fourth step involved cognitive debriefing and feedback. Version 1.2 questionnaire was applied to 10 people, and the collected feedback indicated that the questionnaire was ambiguous or difficult to understand. After linguistic and idiomatic refinement, version 1.3 was drafted. The final version 1.4 was developed after rectifying the stylistic and spelling-related issues in the preceding versions ( Fig. 1 ).
Participants
A total of 102 stroke survivors admitted to the stroke unit of a rehabilitation hospital were enrolled between May 2014 and May 2018. The inclusion criteria were as follows: (1) diagnosis of ischemic or hemorrhagic stroke;
(2) cognitive and verbal abilities sufficient to understand and follow researcher's instructions; and (3) agreement to participate after understanding the research contents. The exclusion criteria were as follows: (1) severe comorbidity or disability before the stroke and (2) no consent to participate in this study. Participants' baseline characteristics, including sex, age, stroke type, lesion site, and stroke duration, were assessed. This study was approved by the appropriate Institutional Review Board of National Rehabilitation Center (No. NRC-2014-04-024) and was conducted with written consent from all participants.
Reliability and validity assessment
To verify the translated K-SRMS, the test-retest reliability was assessed as the first step. The test-retest reliability and internal consistency were measured to establish its reliability. The K-SRMS was assessed twice at 3-day interval among 50 stroke patients. The internal consistency was evaluated to assess the concordance between items within each subscale [11] . Then, its validity was examined by comparing it with the Korean version of the BAS/ BIS scale, and exploratory factor analysis was performed in 102 stroke patients.
Statistical analysis
For baseline characteristics, absolute values are used to present data for categorical variables, and means with standard deviations are used to present data for numerical variables. Data were analyzed with different approaches. First, Cronbach's alpha was used to evaluate internal consistency and test-retest reliability. Second, Pearson correlation test involving the BIS/BAS scale was used to assess validity. Third, exploratory factor analysis was performed to identify underlying relationships among K-SRMS items. All statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). A p-value less than 0.05 was considered statistically significant.
RESULTS
The reliability test was performed in 50 patients (36 www.e-arm.org 
Reliability of the SRMS
The initial internal consistency of the K-SRMS (version 1.4) with 28 items was lower than that of the original SRMS in a few subscales, because 4 items made the internal consistency of each subscale insufficient. Therefore, these 4 items (items #8, #19, #23, and #25) were excluded, and the remaining 24 items were extracted from version 1.4. These extracted 24 items were grouped as the K-SRMS (Appendix 1). Then, an acceptable internal consistency was achieved when compared with the original SRMS (Table 1) . With regard to the test-retest reliability of the K-SRMS, Cronbach's alpha was above 0.5 for all items, except 3 items (items #5, #9, and #12). In contrast, with regard to the internal consistency of the Korean BIS/BAS scale, Cronbach's alpha was >0.7 for all four subscales ( Table 2) . Table 3 shows results of the validity analysis that included 102 patients. Pearson correlation test showed that the K-SRMS total score was significantly correlated with the BAS total score (Pearson r=0.207, p=0.037) but not with the BIS total score (Pearson r=0.099, p=0.323). Majority of K-SRMS subscale scores were significantly correlated with BAS subscale scores and BAS total score but not with the BIS total score. Only EM-regulation and EM-introjected scores were significantly correlated with the BIS total score. EM-regulation, which is related to external reward, was significantly correlated with all BAS subscales and the BIS scale. IM-stimulation was significantly correlated with all BAS subscales, but not with the BIS scale. AM was negatively correlated with all BAS subscales and the BIS scale.
Validity of the SRMS
In the exploratory factor analysis, variables were categorized into 7 groups (factors), and this number was equal to the number of SRMS subscales; however, the groups did not perfectly match the subscales. The explained total variance was 65.93%, Kaiser-Meyer-Olkin (KMO) score was 0.811, and Bartlett's sphericity was 0.000; therefore, the findings were considered appropriate ( Table 4 ). Results of the commonality test demonstrated that no item needed to be excluded (all 24 items >0.04). 
Table 3. Pearson correlation test of the K-SRMS and Korean BIS/BAS scale (n=102)
EMintrojected
EMregulation
EMidentification AM IMknowledge
IMstimulation
IMaccomplishment
DISCUSSION
We established the K-SRMS with 24 items after removing 4 items that exhibited insufficient internal consistency. Thus, its reliability was acceptable. However, assessing the inter-relationships among the 4 items was difficult because each item was in a different subscale. Cronbach's alpha values of the 7 K-SRMS subscales were comparable to those of the original SRMS, indicating that the translation process successfully maintained the intention and characteristics of the original SRMS [6] . Moreover, Cronbach's alpha of EM-introjected increased from 0.173 in the original SRMS to 0.641 in the K-SRMS, and therefore, EM-introjected was better in the K-SRMS. The K-SRMS demonstrated a good test-retest reliability for all, except 3, items. The lowest test-retest reliability was noted for item #5, which might be related to the fact that the question for this item was easily affected by the caregiver or healthcare professional who wants patients to be treated, as this study was performed among stroke patients admitted to a rehabilitation hospital.
A concurrent validity analysis for the K-SRMS and the BIS/BAS scale was performed. The original SRMS did not undergo concurrent validity assessment due to the absence of an established measurement tool for motivation. In addition, it did not show predictive validity with Table 4 . Exploratory factor analysis of the K-SRMS Original SRMS item no.
Factor (factor loading)  1  2  3  4  5  6  7  13  0.830  ------27  0.783  ------20 0 www.e-arm.org mood-relevant measurements (anxiety, depression, and stress) and physical performance measurements (sitto-stand rate and walking distance) [6] . To assess the concurrent validity, the BIS/BAS scale was selected as a comparative motivation measurement tool because it has representative psychometric properties under various conditions [12, 13] . Initially, the reliability of the BIS/BAS scale with regard to internal consistency was assessed because no studies have used the BIS/BAS scale in the area of stroke rehabilitation. Then, the relationship between the K-SRMS and BIS/BAS scale was examined. The K-SRMS total score was significantly correlated with the BAS total score, and most BAS subscales were positively correlated with K-SRMS subscales. Only the AM subscale of the K-SRMS was negatively correlated with all BIS/BAS scales. These findings confirmed that the K-SRMS appropriately reflects motivation with regard to behavior-activating factors. Especially, BAS-reward and EM-regulation (motivation from external pressure or rewards), which deal with the same concept (reward), showed the highest correlation. On the contrary, EM-introjected (external motivation activator to lessen embarrassment or guilt) was significantly associated with BIS but not with BAS, indicating that the introjected feeling might lead to motivation by inhibiting one's behavior. Thus, the K-SRMS could be considered to involve mainly BAS-relevant and BIS-relevant factors, and this mutual concordance between the K-SRMS and BIS/BAS scale could solidify the validity of both scales.
An exploratory factor analysis was performed to explore the K-SRMS characteristics among stroke patients. Commonality and a similar tendency with regard to the original SRMS were observed, and 7 groups (factors), which were similar to the 7 subscales of the original SRMS, were identified. However, the groups did not perfectly match the subscales. All 4 IM-stimulation items (items #6, #13, #20, and #27) were grouped together as factor 1, and all 3 amotivation items (items #2, #9, and #16) were grouped as factor 4. Factor 1, including the most important set of questions in the K-SRMS, accounted for 30.09% of the total variance and included all IM-stimulation items, 2 IM-accomplishment items (items #7 and #14), and 1 EMintrojected item (item #15). These findings indicate that intrinsic rather than extrinsic factors have major roles, especially with regard to enjoyment or satisfaction, in stroke rehabilitation motivation.
Recently, motivation has been emphasized as an essential part of stroke rehabilitation, thus supporting the importance of virtual reality or game-based rehabilitation [14, 15] . However, motivation has not been properly evaluated, and instead, other areas, such as emotion and fun, have been assessed using stroke impact scales or usability tests due to the absence of a suitable measurement tool for motivation [15, 16] . The K-SRMS enables direct assessment of motivation per se, allowing evaluation of the effects of a specific intervention on motivation. Additionally, the K-SRMS could be used to determine whether motivation, as a trait of each participant, predicts the outcomes of stroke rehabilitation. Furthermore, the K-SRMS could be used in not only a clinical setting but also a research setting because it includes detailed subscales representing diverse features.
This study has some limitations. First, the survey was conducted at a single rehabilitation hospital with, mainly, subacute or chronic patients, and characteristics of the acute phase of stroke rehabilitation were not identified. Second, the study did not assess other outcome measures, including physical and neuropsychological measures such as Fugl-Meyer Assessment or Beck Depression Inventory; therefore, its relationships with other outcome measures were not assessed, and the predictive validity not evaluated. Further studies evaluating both predictive and concurrent validity in a larger population might be needed.
In conclusion, this study demonstrated the reliability and validity of the K-SRMS, which was translated with a verified process, in order to evaluate the motivation for stroke rehabilitation. The K-SRMS with 7 subscales allows objective and comprehensive evaluation of motivation for stroke rehabilitation in Korean patients. This scale could be applied in stroke rehabilitation to help optimal treatments.
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